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BACKGROUND OF THE INVENTION 
The present invention relates to MOCVD thin films, and thin 
5 film processes, and more particularly to films and processes used in 
connection with ferroelectric non-volatile memory devices. 

One-transistor ferroelectric memory devices have been 
fabricated with Metal/Ferroelectric/Oxide/SiUcon (MFOS) structures and 
Metal/Ferroelectric/Metal/Oxide/Silicon (MEMOS) structures. Due to 
10 leakage currents through the ferroelectric and oxide capacitors, the 

floating gate or channel can be neutralized, which results in poor charge 
retention properties for one-transistor ferroelectric memory devices. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram showing a method of forming a PGO 
15 thin film on indium oxide. 

Fig. 2 shows x-ray diffraction patterns for indium oxide films 
on a siUcon substrate. 

Fig. 3 shows x-ray diffraction patterns for indium oxide films 
on a siHcon dioxide layer over a silicon substrate. 
20 Fig. 4 shows x-ray difeaction patterns for PGO films formed 

over indiimi oxide films. 

Fig. 5 shows x-ray diffraction patterns for PGO films formed 
over indium oxide films, as deposited and following anneahng. 
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Fig. 6 shows CV cxirves for a Pt/PGO/Indium oxide/Si 

capacitor. 



DETAILED DESCRIPTION OF THE INVENTION 
Methods are provided for depositing PGO thin films, 
5 preferably with c-axis orientation, on indium oxide thin films to enable the 
formation of Metal/Ferroelectric/Indium oxide/Silicon or 
Metal/Ferroelectric/Indium oxide/Silicon Oxide/Silicon or similar 
structures for use in FeRAM devices. The silicon oxide may be replaced 
with a high-k gate dielectric material for example. 

10 The steps of a method of depositing PGO thin films on an 

indium oxide thin film are shown generally in Fig. 1. As shown at step 12, 
a substrate is prepared. In an embodiment of the present method, the 
substrate is a silicon substrate, for example a P-type (100) siHcon wafer. 
It would also be possible to use an N-type wafer or an SOI substrate. If 

15 the indium oxide is to be deposited directly onto a silicon substrate 

surface, the Si wafer is dipped in buffered HF, for example HF (50:1), for 
5-20 seconds, prior to deposition of the indium oxide. If the indium oxide 
is to be deposited of silicon oxide, a layer of silicon oxide must be formed 
prior to deposition of the indium oxide. The silicon oxide may be 

20 thermally grown, or deposited onto the siHcon substrate surface. The 

silicon oxide layer will preferably be between about Inm and lOnm thick 
prior to indium oxide deposition. Alternatively, a layer of high-k gate 
material, such as hafiiium oxide, zirconium oxide, aluminum oxide, or 
lanthanum oxide, may be deposited instead of the silicon oxide layer. 

25 Once the substrate has been prepared, indium oxide is 

deposited as indicated by step 14. The indium oxide may be deposited by 
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DC sputtering. The substrate is placed within a DC sputtering chamber 
along with an indium target. The DC sputtering chamber is set to provide 
between about 100 and 300 watts of DC sputtering power, while the 
backward power is maintained at less than 5%. The DC sputtering 
5 chamber is maintained at between about 1 torr and 10 torr during 
deposition, with an oxygen partial pressvire of 0% to about 60%. The 
deposition temperature is set between about 20 °C and 300 °C. The 
substrate has a substrate temperature of between about 20 °C and about 
300 °C. The indium oxide is post-deposition annealed, as indicated by 

10 step 16, at a temperature of between about 400 °C and 800 **C for between 
about 5 minutes and 60 minutes, in a 20% to 100% oxygen atmosphere. 

Once the indium oxide layer has been deposited and 
annealed. A ferroelectric layer is deposited using an MOCVD process. 
The ferroelectric layer may for example be lead germanium oxide (PGO). 

15 To deposit PGO onto the indium oxide layer, as indicated by step 18„ the 
substrate is placed in an MOCVD chamber. A PGO precursor solution is 
prepared by dissolving Pb(thd)2 and Ge(ET0)4 at a molar ratio of between 
approximately 5:3 and 5.5:3 in a mixed solvent of butyl ether, or 
tetrahydrofuran, isoproponal and tetraglymer in a molar ratio of 

20 approximately 6-9:1-3:1-2, preferably 8:2:1. The precursor solution has a 
concentration in the range of about 0.05 - 0.5 M/L of PGO, preferably a 
concentration of about 0.1 M/L of PGO. The precursor solution is injected 
by a pump at a rate of approximately 0.05 - 0.5 ml/min into a vaporizer at 
a temperature in the range of between approximately 180 **C and 240 °C 

25 to form a precursor gas. The feed Hne should be kept at a temperature of 
between about 185 *^C and 245 **C to reduce, or eliminate, deposition 
within the feed line. The precursor gas is introduced into the MOCVD 
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chamber containing the substrate with the indium oxide layer. The 
MOCVD chamber is set to a temperature in the range of between 
approximately 400 and 540 at a pressure of between approximately 
1 torr and 5 torr. The chamber is set with an oxygen partial pressure of 
5 between approximately 20 and 30 percent. The deposition time depends 
upon the desired thickness of the PGO film, but may be between 30 
minutes and 180 minutes for example. 

Following deposition of the PGO film, a post-deposition 
anneal is performed as indicated by step 20. The anneal is carried out at 

10 a temperature of between approximately 520 °C and 560 **C for between 
approximately 30 minutes and 1 hour, in an oxygen atmosphere. 

Fig. 2 shows the x-ray pattern of indium oxide thin films 
deposited on silicon using different substrate temperatures. X-ray 
pattern 210 was taken for a film deposited on silicon at a substrate 

15 temperature of 100 °C. X-ray pattern 220 was taken for a film deposited 
on silicon at a substrate temperature of 150 °C. X-ray pattern 230 was 
taken for a film deposited on silicon at a substrate temperature of 200 °C. 
As higher substrate temperatures are used during deposition of the 
indium oxide thin films, the indium oxide films produced change from 

20 nano-crystalline structure to polycrystalline thin films. 

Fig. 3 shows the x-ray pattern of indium oxide thin films 
deposited on silicon oxide using different substrate temperatures. X-ray 
pattern 310 was taken for a film deposited on silicon oxide at a substrate 
temperature of 100 °C. X-ray pattern 320 was taken for a film deposited 

25 on silicon oxide at a substrate temperature of 150 °C. X-ray pattern 330 
was taken for a film deposited on silicon oxide at a substrate temperatxu^e 
of 200 °C. The results using silicon or silicon oxide are similar. In both 
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cases, the grain sizes increase from approximately 3 nm for 100 
substrate temperature to about 30 nm for 200 °C substrate temperature. 

PGO films have been deposited using MOCVD, as described 
above, on indium metal as well as the indium oxide films produced at the 
5 100 ^C, 150 °C, and 200 °C as shown in Figs. 2 and 3. PGO thin films 

deposited on indium oxide can be formed with more of a c-axis orientation. 
Fig. 4 shows the x-ray pattern of PGO films that have been deposited 
overlying the indium oxide films formed at 100 °C, 150 °C, and 200 °C. X- 
ray pattern 410 was taken for a PGO thin film deposited on indium oxide, 

10 which had been deposited at a substrate temperature of 100 °C. X-ray 
pattern 420 was taken for a PGO thin film deposited on indium oxide, 
which had been deposited at a substrate temperature of 150 °C. X-ray 
pattern 430 was taken for a PGO thin film deposited on indium oxide, 
which had been deposited at a substrate temperature of 200 °C. From 

15 these x-ray patterns, it appears that PGO thin films formed on indium 
oxide films deposited at approximately 150 °C have the highest c-axis 
orientation. Higher c-axis orientation is desired as it improves the 
ferroelectric properties of the resulting PGO thin film. 

Post deposition annealing of the PGO thin film can improve 

20 the c-axis orientation of the deposited PGO thin film. The post deposition 
anneal may be at a temperature of between approximately 520 °C and 
560 °C. Fig. 5 shows the x-ray patterns for a PGO thin film as deposited, 
and then following a post-deposition anneal. X-ray pattern 510 shows an 
as deposited PGO thin film, which was deposited on indium oxide that 

25 had been deposited at a substrate temperature of 100 °C, X-ray pattern 
520 shows the same PGO thin film following approximately 30 minutes of 
anneaUng at approximately 540 °C in oxygen. The comparison of x-ray 
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pattern 520 with x-ray pattern 510 indicates an increase in c-axis peaks 
for the PGO thin film following the anneal. 

PGO thin films may be formed for example by depositing 
indium oxide on silicon, sihcon oxide, or a high-k material under the 
5 following conditions: 

DC sputtering power: 150 W 

Oxygen partial pressures: 30% 

Substrate temperature: 150 °C - 200 °C 

Post-annealing temperature: 500 °C - 600 °C 
10 and then using MOCVD to deposit a PGO thin film under the following 
process conditions: 

Deposition Temp: 500 °C - 510 °C 

Pressure: 2-5 torr 

Oxygen partial pressure: 20 - 30% 
15 Vaporizer temperature: 200 °C - 205 °C 

Solution dehvery rates: 0.1 - 0.2 ml/min 

Deposition time: 1-2 hours 
followed by an anneal at 540 °C for approximately 30 minutes in oxygen. 



20 Fig. 6 shows CV curves of a capacitor formed by depositing 

indium oxide overlying sihcon, and then depositing PGO overlying the 
indium oxide and forming a platinum top electrode overlying the PGO and 
then patterning and etching the Pt/PGO/indium oxide/Si layers. The 
resulting Pt/PGO/indium oxide/Si capacitor has a memory window that 

25 was measured to be approximately 2V based on the CV curves. 
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Several embodiments have been provided as examples. The 
scope of the present invention should not be limited to these examples, 
and shall be determined by the following claims. 

5 
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